l Introduction
Fetal heart rate (FHR) variability is thought to be an important index of fetal health although it is well known that factors other than hypoxia and acidosis may deeply influence intrapartum FHR oscillation patterns. It is generally accepted that in the presence of normal variability the fetus is vigorous: lack of beat-to-beat fluctuation may be associated with fetal compromise. No general agreement exists about how to measure FHR variability. CALDEYRO-BARCIA [1] noted that the FHR-pattern consists of two phenomena; (1) very rapid fluctuations, socalled short-term irregularity or Variation (STV); and (2) slow fluctuations, socalled long-term irregularity, seen äs dips, decelerations and accelerations (LTV). STV denotes the real beat-to-beat changes between successive beats i.e. the R-R interval variability of the fetal ECG (FECG). It is impossible to quantitate STV of FHR records with accuracy in daily clinical routine. Therefore several approaches were made by different investigators: 1. Computer analysis (mainly off-line) of FHR patterns yielding different variability-indices [2, 3, 10, 13] and 2. visual classification of oscillation patterns measuring the oscillation amplitude (OA) throughout different time periods [6, 9, 11] . The last method implies that the oscillation amplitude (OA) is closely related to the oscillation frequency (OF). The de- finition of OF is complex and not unanimously accepted. KAMMACHER [7] feit that one FHRosciUation should be a whole sinus-wave i.e. the sequence of a visually detectable zenith and nadir of base-line FHR; this concept would lead to 5-8 cycles per minute hrvigorous infants with normal beat-to-beat variability; this definitionpostulates that the zenith and the nadir alternate 0300-5577/79/0007-0046$02.00 © by Walter de Gruyter & Co. · Berlin · New York in a comparable way to a sinus-wave; since this is not always encountered the parameter does not entirely reflect reality. Other investigators [5] counted the number of visually detactable peaks per minute in base-line FHR i.e. the turningpoints from frequency acceleration to deceleration and vice versa in base-line FHR. This OF is closely associated with our clinical impression of FHRvariability but it is by no means equal to true STV; this OF amounts to 8-12 peaks per min, whereas STV is derived from 120-160 events (R-waves in the FECG) per minute. Recently KAMMACHER et aL [8, 12] pointed out that OF is an important predictor of neonatal condition at birth and subsequent infant survival: OF according to KAMMACHER below 2 per minute (i.e. l cycle per min which equals 2 oscillations in the present study) was associated with fetal acidosis and low APGAR score. It was the aim of this study to prove the validity of this concept from a clinical point of view.
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Material and methods
Computer are a useful tool for analysis of large amounts of data which are "hard", i.e. without mistakes. Erroneous data cause serious problems which are difficult to overcome by soft-ware configurations. The data stream composing instantaneous fetal heart frequency is usually contaminated with false Signals throughout delivery; thus on-line Computer analysis of FHR remains a delicate problem. We decided therefore to evaluate FHR patterns by visual analysis of records of high technical quality. The last 120 minutes of 342 intrapartum tracings (41'040 min) were divided in 12 compartments each of 10 minutes duration and visually analysed with simple tools like compasses and caliper (Fig. 1) . The following parameters were recorded: (1) The average base-line frequency per minute; (2) the oscillation amplitude (OA) of each minute i.e. the distance from the highest to the lowest point in base-line FHR (measured for convenience in millimeters by a specially made caliper); (3) the number of all visually detectable oscillation peaks per minute (Fig. 2) ; (4) the FHR-frequency (bpm) at the beginning, the lowest (highest) point and Only nonparametric statistics were applied. All FHR records were obtained by direct techniques where the R-wave of the FECG is used s trigger together with beat-to-beat processing of the electronic Signal. The paper speed was 2 cm per minute. Records from fetuses with terminal caesarean section or long lasting and/or diffic lt vaginal operations were excluded due to the lack of signal continuity often encountered. Actual pH in cord blood was measured with Radiometer equipment (ABL II, BMS III, ΑΜΕ I). In two cases only APGAR-scores and no ctual pH-values were available; thus the number of cases analysed in this context was 340.
Results
l Non-acidotic fetuses
In the present study only the last 30 minutes (3 compartment per 10 min.) immediately preceding delivery were analysed with regard to OF and OA exclusively. Fetuses with an ctual pH in the umbilical artery (UA) below 7.200 N = 87, 25.6%)
were eliminated in order to exclude hypoxic FHRvariability disturbances/kecords from 253 fetuses were left. From a total of 7590 (253 X 30) only 4615 (60.8%) minutes were free of any decelerations or accelerations. Fig. 3 gives the distributions of OF in these 4615 minutes; the mean OF was 9.5 ±4.7; the variable is not normally distributed (KOLMOGOROV-SMIRNOV: z = 5.34, 2α < 0.001). The 5th percentile amounted to 2, the median to 9 and the 95 th percentile to 18 oscillations per minute. Separation of the material according to the OA (Tab. I) yielded the data in Tab investigation. All distributions differ on a high level of significance from each other (KOLMOGOROV-SMIRNOV, 2α < 0.001); all four parameters are again not normally distributed (2α < 0.01). It can be demonstrated, however, that in fetuses of mothers with no drug administration during delivery (N = 42) and with actual pH-values (UA) above 7.199 (X = 7.282, SD = 0.057) OF becomes normally distributed if the OA is not too great (10-5 bpm).
Acidotic fetuses
From the results analyzed so far it is evident that, if we consider OF to be of clinical importance, we must always be aware of 0A. Therefore if OF is a true predictor of fetal outcome OF should be diminished when compared with minutes of equal OA. 87 fetuses exhibited actual pH-values in the UA below 7.200 (X = 7.138, SD = 0.058). Similar computations led to the data in Tab. II: there is a trend to diminish OF in all four OA-groups. The decrease amounts to approximately l oscillation per minute ;thisdifference is statistically not significant in all 4 distributions (KOLMOGOROV-SMIRNOV). If Jhe actual pH is further lowered below 7.151 (X = 7.099, SD = 0.047, N = 44) the data in Tab. III are obtained: The median of each of the four distributions is decreased again; the differences are statistically significant* when compared in a similar manner with OF-distributions of fetuses with 7.150 < actual pH < 7.250 except * > 25 bpm: 2α = n.s., 24-10 bpm: 2α = 0.00185, 9-5 bpm: 2α = 0.0912, < 5 bpm: 2α = 0.0358, all data together: 2α = 0.000066 (KOLMOGOROV-SMIRNOV) for the OF-distribution with OA > 25 bpm. There is a trend to increase the differences of the four median-values in the two populations with decreasing OA (see Tabs. I and III): The difference amounts to 0 in the group with OA > 25 bpm, to ' l (OA: 24-10 bpm), to 2 (OA: 9-5 bpm) and to 3 (OA: < 5 bpm). Analogous computations with the one and five minute Apgar-score were not performed since the Apgar-score does not seem sensitive enough to rule out such delicate problems.
Comments
The present method of evaluation of FHR-patterns seems to be unacceptable when compared with online or off-line Computer analysis. Nevertheless this method yields the utmost precision we can achieve in clinical fields without electronic devices used for data acquisition. In our opinion and according to our own experience with off-line computer analysis of FHR this method even offers several advantages: (1) One can be sure that data entered in the Computer make sense; "garbage in, garbage out" is at least one part of the problem of electronic analysis. This holds especially in detecting and classifying decelerations and accelerations. On the other hand there will be no doubt that OF can be only approximately determined in minutes with small OA (e.g. < 5 bpm) since the registration capacity of the paper becomes a limiting factor. *(2) This method of evaluation is closely related to what we perform in daily clinical routine observing intrapartum FHR records; thus the results analyzed so far are more comprehensive than any FHR variability-index and may be helpful too in clinical management of high risk fetuses.
The figures indicate that we must be careful in the diagnosis of fetal distress in cases with reduced FHR variability if no other signs of jeopardization are present (e.g. late decelerations, marked variable decelerations). The very heart of the problem seems to be the fact.that loss of beat-to-beat Variation measured in terms of OF is a common phenomenon even in vigorous fetuses and might be due to quiet sleep state [4] and matemal drug administration. Reduction of beat-to-beat fluctuation due to hypoxiä may be superimposed and therefore difficult to quantitate clinically. The obstetrican will not be able to quantify such complex conditions by just looking at the record, especially if the OA is above 10 bpm. However if OA in baseline FHR (without other Symptoms) is below 5 bpm and there is a "wiggling" on the FHR record one might be sure that there is still time enough to perform microblood sampling in order to determine the trae fetal condition. This Statement holds only if strict beat-to-beat processing of the electronic Signal äs well äs an accurate peak detection of the R-wave of the FECG is provided. On the other if FHRvaries less than 5 bpm and beat-to-beat irregularitiejs are completly missing, and if gentle manipulation of the fetus does not evoke variability, one should be prepared to meet significant fetal acidosis. These Statements are merely clinical rules supported by the findings presented in this study. A good diagnostic connotation has been ascribed to FHR variability, but the observation of its absence -smoothness -requires additional comment: Factors other than fetal asphyxia may be involved, which include immaturity, fetal inactivity pr "quite sleep" äs well äs maternal drug administration. Whenever FHR smoothness is noted an explanation of its probable origin should be sought. of Information of the FHR record and thus become If ominous deceleration patterns are present the a reliable predictor of the true fetal outcome. clinical management will be governed by the total Summaiy The last two hours of 342 intrapartum FHR records of high technical quality were evaluated visually with simple tools (compasses, caliper). All data were entered on punched cards (25 pro fetus) and analyzed u sing an IBM System 370/135. In 253 fetuses with an actual pH in the umbilical artery (UA) above 7.199 the y oscillation frequency (OF) during the last 30 min. preceding delivery amounted to 9.5 ± 4.5 (4615 minutes without decelerations or accelerations). The 5th percentile, the median and the 95 th percentile were 2,9 and 18 per minute respectively. OF refers to the number of visually detectable turning points in baseline FHR. There exists a significant association (2 < 0.001) between the OF and the oscillation amplitude (OA) per minute: a reduction in OF is followed by a decrease in OA even in vigorous infants. In acidotic fetuses OF is decreased when compared with FHR minutes of equal OA in nonacidotic infants. However this becomes statistically significant only in fetuses with actual pH (UA)below 7.150 i.e. in fetuses with severe acidosis. These findings can explain why the lossof FHR vaiiability äs a single symptom may be misleading in individual cases. 
